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5 This invention relates to coating compositions which are capable of becoming cured at ambienf 
□rm7r ' ''''''' ^"^^ compositions which are bas^d cVan una tuTat d ^ 

^ ^-^-^^^ --^^9 nudecphiHc groups of specified tjr ^" 
. r.a- K« -Muacu u<mi9u, as a mecnanism Tor the curing by crosslinkino of certain 

ZTaZr actlveUerhyleSdoub rb?nd and a 

'° coSoo^J onSr'.'"""'"'"' r ''^""^a' 'PPl'cations of thia reaction to arable 

IS -nd?aSV«aT^^ ' "'"^""^ °* ""^'"^ groups. Thus in Un' ad States Patents Nos 7 51 

S rn «ddlLn deacnbed coaling compositiona comprising a poly(acrvloxy) compound together 

wah an add tion polymer carrying a plurality of terminal and/or pendant primary or eecondary amine 
E'th: ^'T ' 299 867 and 4 373 008 there are described analogous com^SJitiona 

where the addition polymer carries a plurality of substituted oxazolldine groups insieed of free ernine 
groupa, under the Influence of atmospheric molature, the oxa2olidlne groups undergo hydrolysis to liberate 
free amino groups which then react with the poly(acryloxy| compound also present In elch oMhe 
nr««>rf • . ""^T' P^'V^'yo^y' "'"pound, such ss ethylene glycol diacrylate or trimelhylol- 
20 propane triacryloxyproplonate, or alternatively e compound of polymeric structure obtained by reactino a 
hydroxyl group-conta.nmg polymer, such as a polyester or a polyether polyol, with e compound containing 
ethvS! d'.^^^^^ '"h ' " "if - PoMacryloxy) compounds, t'^e active ed 
Tol^mer backbone" ' """"" ^'"""'"a' are either terminal to or pendant from the 

tamoVrZ!! Kw l"""** "««"8 compositiona having the valuable property of curing at or near room 
temperature by rneana of the above-mentioned addition reaction can be made by bringing together a 
condenaa tion polymer containing activated double bonds in the polymer backbone and a compound 
carrying at least three primary amino groups or at least three thiol groupa 
According to the present invention there Is provided a curable coating composition which compriaea:. 
30 (") a condensation polymer In which the polymer backbone of each molecule on average contains at least in 
one activeted unsaturated grouping of the formule cuniains at least 30 

0 R R 0 

35 -C-C-C-C- , .,3g 

whore R Is hydrogen, a halogen oran alkyi oraryl group; end 

ashlXTw".!"?'"^ " leastthree primary aminogoupa, one ormoreof which maybein latemform 
as hereinafter defined, or a compound carrying at least three thiol groups 
40 Condensation polymers suitable ae component (i) of the compositions include in panlcular polyeaters 
wh,ch are obtained in known mann.r by reacting a dicerboxyllc acid of the tormul. 

R R 

I I 

*S HOOC.C - C.COOH II 

or an ester-forming derivative thereof, with one or more polyols. 
Particularly suitable dicarboxylic adds of the formula (ll) are maleic acid and fumaric acid; suitable 
= !nd 7nTh«T.«T'* 1^" corresponding lower alkyI, tor example methyl or ethyl, esters 

50 and. In the case of maleic ecld, the corresponding anhydride. Sulteble polyole include diols such aa ethylene 
g yco , propylene glycol. 1.3-propane diol. butylene glycol, 1.4-butano diol. I.B-hexane diol. neopentyl 
glycol, triols such as glycerol, trimethylolpropane, irlmethylolethane. 1,2.6-hexane triol, tetrols such ss 
pentaerythrltol and higher polyols such ea sorbitol. Mixtures of any two or more of these polyols may be 
employed. In place of. or In addition to. a polyol, there may be reeetad with the dicarboxylic acid a compound 
55 containing two or more epoxy groups, for exemple an epoxy resin of the type obtained by reacting 

bisphanol-A with epichlorhydrln. In (his case, the resulting polyester contelns a hydroxyl group Immedietely 
adiecent to eech eater grouping In which the residua of the epoxy compound panlclpatei 

In addition to the unsaturated dicarboxylic acid of the formula (II), the reactante from which the polyester Is 
made may also Include one or more other polycarboxyllc acids, for exemple saturated aliphatic dicarboxylic 

^ *?nh^\ nM!.'*.f ""'[!!"''''^:^u""''*' fj'"^' "'^ ""^ """^"^ a^OT-atic polycarboxyllc acids 

^r!H. i 'aophthalic acid, tarephthalic acid and trimellitic acid. Ester-forming derivatives of such 

of hp lUT^'u ^^'^n !" ""^f "'"^ """^ P'^" °' The relative proportion, uaed 
It Jl r °^ polycarboxyllc acid should, however, be chosen so that the 

above-defined requirement of an average of at least one residue of the dicarboxylic acid (11) per polyester 
65 molecule is aatiafied. In practical terms, this means that normally at least 20%, and preferably at least B0%. of 
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The eater linkages in the polymer backbone of the polyester should be derived from the dicarboxylic add (II). 
The ov/arall proportforn of total hydroxy! group-bearing reactants to total carboxyj group-bearing reactants 
may be varied in accordance with principles well understood in the polyester art; usually a alighi to 
moderate excess of the polyol raacrants will be employed so as to produce a polyester of low acid value. 
5 Also, the relative proportions of reactants of functionality (with respect to either hydrcxyl or carboxyl 5 
groups) greater than two will be regulated, again as well known In the art, in order to avoid the production of 
gelled material. Conventional reaction temgeraturas. e.g. In the range 100'C 10 300*C may be uaedi the 
reaction may If desired be carried out In the presence of a solvent, pariicularlv one, such as xylene, capable 
of forming an azeotrope wiih the water of reaction. 

to In the term "polyester" we include also urethsne-ester polymers satisfying the above definition. Such 10 
polymers may be made by reaction of a dicarboxylic acid (If), ona or more polyola and a polylsocyanate, 
optionally together wlch one or more of the other polycarboxylfc adds mentioned above. In these polymers, 
the polyisocyanate effectively takes the place of all or part of tha other polycarboxyHc acid, and is considered 
aa equivalent thereto when selecting the relative proportions oP the reactants from which the urethane-estar 

15 polymer is derived. Suitable polyleocyanates Include tolylene diiaocyanata, haxamethylene djisocyanate, 15 
iaophorone dilsocyanate, diphenylmathene ddsocyanate and xylylene diisocyanate. 

In making the urethane-ester polymer, all the starting material, Including the polyisocyanate, may be 
reacted together in the normal way as for conventional polyester preparation; alternatively ell the starting 
materials except the polyisocvenate may be reacted together In a first step to form a "base" polyester of high 

20 hydroxyl value, following which a proportion of the hydroxyl groups In the latter are reacted with the 20 
polyisocyanate. 

In both the polyesters and the urethane-ester polymers as mentioned above, there may If desired be 
present aucoxidisable groupings derived from drying oil or semi-drying oil fatty acids, such acids having 
been included In the arorting materials from which the polymers are made. Suitable acids include the fatty 

25 acids from linseed oil, aoya bean oil, tall oil, sunflower oil, safflower oil and rapeseed oiL The resulting alkyd 25 
or urethane alkyds exhibit, In addition to the initial rapid cure brought about by the reaction with (he 
component (II) of the compositions of the invention, a further, slower cure involving the agency of 
atmospheric oxygen such as is exhibited by conventional alr-drying coating compositions. 
The component (ii) of the compositions may be, aa hereinbefore defined, a compound carrying at least 

30 three primary amino groups, or such a compound wherein one or more of those groups is present in latent 30 
form. By "latent form" we mean that each group in question is In the form of a derivative which is capable of 
reverting to a primary amino group under the conditions to which the composition is exposed in order to 
bring about curing. 

Compounds which are useful as components (ii) include those of the aliphatic, cyclo-aliphaiic and 
35 aromatic series containing three or more free primary amino groupa. Examples of such compounds include ^^35 
tris-(2-aminoathyl)amlne, N(CHjCHiNHa>3 and the products of the "Jeffamlna'* series (Registered Trade 
Mark) manufactured by Jefferson Chemical Co. and having the general structure 

^(OCHjCH.)^ NHa 

40 / \ 40 

CHj 

•(OCHaCH.)^NHa 

I 

CH3 

45 ^lOCHaCH.),NH2 45 

I 

CHa 

where A la the residue of an aliphatic triol and x,y. and z are Integers the sum of which may vary between 5 
50 and 86. 50 
Compounds also useful as the component (II) are those In which one or more of the minimum of three 
primary amino groups is present In latent form as a ketlmlne or aldlmlne derivative formed by condensation 
of a primary amino group with a ketone such as acetone, methyl ethyl ketone, methyl isobulyl ketone or 
cyclohexanone, or with an aldehyde such as acetaldehyde orpropionaldehyde. In this way, the primary 
55 amino group Is convened to a grouping of the formula 55 

^Ra 

60 60 
where R^ is an alkyi group and Ra is hydrogen or an alkyl gr up. In a case where the polyamine may also 
contain hydroxyl groups In the form of groupings of the structure 
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II 
HOC-CNH,, 

I I 

S the latter may aimilsrly be reacted with a ketone or an aldehyde to yield oxazolidine groupings of the formula 
10 ~C-Q-^ ^*R,. 



10 



16 



where R, and Rj have the same significance as before. Any of these latent or "blocked" primary amino 
groups are readily hydrolyeed back to the corresponding free groups In the presence of water Other forms 

16 of latent amino groups which may be used include chelate derivatives and salts thereof. 

Suitable compounds containing three or more primsry amino groups may be made by Joining together 
molecules containing less than three such groups but containing other functional groups such as secondary 
amino groups or hydroxyl groups, If the primary amino groups are blocked by kerlmjne or aldlmlne 
formation as mentioned above, the other funcilonal groupa can then be linked logsEher through a 

20 polyfunctional co-reactant such as a poly I so cyan ate or a polyepoxide. Thus, diethylens triamlne may be 20 
converted to the bis-kerlmlne by reaction with methyl Isobutyl ketone, then condensed via the remaining free 
secondary amino group with a polyisocyanate or a polyepoxide. The resulting condensation product 
contains at least four latent primary amino groups and it may be used directly as the component (li), since 
the ketirnine blocking groups are readily removed by the effect of atmospheric moisture when the 

25 composition of the invention is spread as e film. Alternatively, the condensation product may be subjected to 25 
8 separate hydrolysis step In which the free primary amino groups ere restored. In form! ng the condensation 
product, It may be desirable to use an excess of the polyisocyanate or polyepoxide In order to ensure 
complete reaction of the ketlmlne; the condensation step may then ba Immediately followed by reaction of 
the product with a lower alcohol such as buianol In order to eliminate any residual free isocyanate or 

3Q epoxide groups. 

Various other waya of producing suitable highly functional amine components (li) will be apparent to 
those skilled in the art. For example, 3 molar proportions of a dl-primary amine such as 1 ,6-hexanediamine 
may be reacted with 1 molar proportion of a lower aliphatic ester of malaic acid, such as dimethyl maleate; 
the first molecule of the diamine undergoes addition to the double bond In the ester and the other two 
35 molecules effect aminolysls of the ester groups, resulting In the production of a trlprlmary amine. 

The more complex types of amine component {11} which ahve been described are in general to be preferred 
to the simpler types on the g rounds of their lower volatility, lower toxicity and better compatibility with the 
polyester component (I). However, the suitability of any polyamlne In a particular case can readily be 
established by experiment. 

40 Instead of being a compound carrying at (east three primary amino groups, the component (ii) may be a 40 
compound oarrying at least threw thiol groups. An sKampls of such a compound la that havlrid the general 
structure 
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36 



46 CHj OH 

I I 
R [OICH, CH.O)„ CHjCH CHaSH ] 3 



50 where n Is 1 or 2 and R Is an aliphatic hydrocarbyl group; this product Is sold by Diamond Shamrock 
Corporation under the name "Capcure 3-800" (Registered Trade Mark), Another such compound which fa 
commercially available is pentaerythritol tetraklB(morcaptQpropionate, C(CHjO.CO.CH2CH2SH)4. 

Resctlon between the condensation polymer component (i) and the component (II), In the case where the 
latter contains free primary amino groups, occurs spontaneously and rapidly at room temperature. Where 

55 the component (11) contains primsry amino groups In latent form, the Initiating of reaction will require the 
operation of some external agency whereby the groups become released. As already mentioned, this may 
be the action of atmospherlo moisture which takes effect when a film of the composition is spread; such 
moisture will bring about hydrolysis of primary arnino groups which have been blocked by ketlmine or 
aldlmlne or oxazolidine formation. Where the component (ii) contains thiol groups, it Is usually desirable to 

50 Introduce a catalyst In order to ensure reaction with the component (I); suitable catalysis are, for example, 
tertiary amines such as irlethylamine. 

The coating compositions may in.prlnclple be formulated as either "two-pack" or "one-pack", depending 
on the form used of the component (ii), but, where latent primary amino groupa which are readily 
hydrolyeed are Involved, the acope for formulating one-pack compoaitiona may in practice be limited to that 

55 of clear, unpigmented materials since it is very difficult to obtain pigments In a completely moisture-free 
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condition. The present compositions are of particular interest In two-pack, pigmeniedform for use as 
undercoats in the autonnobiie refinish, aircraft and marine trades, where there Is little or no poesibility of heat 
being applied in order to cure the coating. Such undercoat compositions may be eliher of The primer/surfacar 
type, to be applied to the substrate In a relatively thin film aa praparati n for the eubaequent application of a 
5 ropcoat or of the primer/filler type which is mora thickly applied and is capable of levelling out small surface 5 
Irregularities and imperfections In The substrate. At the present time, these undercoat compositions are 
commonly of the two-peck type based on a hydroxy! group*contain(ng acrylic or polyester resin in 
conjucntion with a polytsocyanata; the compositions of the invention have a positive advantage over these 
in avoiding the use of polytsocyenates under circumatances of appltcstlon where proper faciiities for 
handling toitic intermediates may not be available. 10 

In the compositions of the Invention, the unsaturated condsnsation polymer component (i) and the amine 
orthiol component (ii) are normally reacted together in proportions such aa to provide approximately one 
amino or thiol group for each double bond presents A deftciency of the component (li) mey be used If a 
reduced rate of curing of the composition is desired, but h Is preferred to use at least about 0.6 amine or Thiol 

15 group for each double bond. IS 
The compositions will normally contain. In addition to the components (!) and (ii) and optionally one or 
more pigments and/or fillers, one or more solvents such as arm conventionally employed in tha coatings art, 
for example xylene, aihyl acetate, butyl acetate, methyl Isobutyl ketone, propylene glycol monomethyleiher 
and propylene glycol monomethylether acetate. 

20 ^^^y "^^y contain other conventional paint additives such as fillers, plastlcisera, flow control agents 20 
and UV absorbers, 

When applied to a substrate under norma) conditions of temperature and humidity, the compositions 
become sufficiently cured co withstand the over-application of a top-coat within 2 hours; curing (a usually 
substantially complete within a period of 10-20 houra. Curing can, If desired and where practicable, be 
25 accelerated by subjecting the applied costing to a moderately elevated Temperature, e.g. one In the range 25 

In the context of their use aa undercoats for automobile body refinishlng, as already mentioned, the 
compositions possess the advantage of giving films having excellent resistance to attack by petrol or 
solvents, in addition to their property of being able 10 accept over-coating after only a short curing period 
3Q The compositions are, however, valuable for application to a wide variety of other substrates, Including 30 
other metal structures and articles such as aircraft, ahips and domestic or agricultural aquipmenr, and 
articles msde of wood and plastics. 
The invention Is Illustrated by the following Examples, In which psrts are by weight. 



3g Examples -^35 
Pofyester Preparation I 
Tha following mixture of Ingredients: 

Propylene glycol 437 pans 

4Q Maielc anhydride 352 parrs 40 

Phthallc anhydride 53 parta 

Adiplcadd 157 pans 

was reacted at 150*-210*C In the presence of 30 pans of toluene for a period of about 6 hours, until the acid 
45 value of The product hed fallen to approximately 28 mg KOH/g. Whilat still hot, the polyesier wss thinned by 46 
the addition of 1 76 parts of xylene, then allowed to cool. 



Polyester Preparation ii 
The following mixture of Ingredienta: 



50 



65 



50 

Trlmeihylolpropane 40 parta 

Cyclohexyldimethanol 108 parts 

NeopenTyl glycol 343 parts 

Maleic anhydride 308 parts 

IsophThallc anhydride 174 parta 55 



was reacted at 1 SO^-220'C In the presence of 30 cans of toluene for a period of aboUT 6 hours, until the scid 
value of the product had fallen to approxImaTaly 18 mg KOH/g. Before being cooled, the polyesier wes 
thinned by the addition of a bland of 59d parts of xylene and B99 parts of butyl acetate. 

60 ' , 60 

Polyester Pfeparation III 

A mixture of 190 parts of an epichlorhydrlnblaphenol-A condensste ("Epikote" 828 ex, Shell Chemicals Co» 
: "Epfkote" Is a ReglsTered Trad Mark), 58 parts of fumaric acid, 83 parts of xylene and 83 parts of methyl 
iaobuTyl ketone was heated together at 120°C for 2 hours in Che presanc as catalyst of 2.5 pans of 
gg N,M.dimeThylcocoamine ("Armeen" DMCD ex. Armour Chemicai Co, : "Armean" is a Registered Trade 65 
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Mark). The resulting polyester was further thinned before cooling by the addition of 1 38 parts of propylene 
glycol monomethyl ether. 

Polyamine Preparation A 
5 A mixture of 87 parts of the diketirnine formed by condensation of diethylene triamlne and 
methvllsobutyiketone, and 82 parts of an aplchlorhydrln-biaphenol A condensate C'Eplkote" 828) was heated 

in 1?3 perts of niethyl isobyr/l kstona s? SO*C for3 hour». 



PolyeminB Preparation 8 

A mixture of 363 parts of the diketirnine described in PrepaVntion A above and 300g of a 75% solution in 
50; 50 xylenerathylene glycol monoethyl ether acetate of hexamethylene difsocyanate trimer ("Desmodur N 
ex. Bayer Chemicals Co. ; "Desmodur" Is a Registered Trade Mark), In a solvent blend consisting of 263 parte 
of methyl Isobutyl kecone, 248 parts of xylene and 50 parts of ethylene glycol monoethyl ether acetate, was 
stirred at room temperature for about 48 minutes. When the reaction was complete, any free laocyenate 
15 groups remaining in the product were destroyed by addition of 100 parts of n-butanol at room temperature. 15 



Polyamma Preparation C 
A mixture of 363 parts of the diketirnine deacrlbed in Preparation A above and 387 parts of a 
20 tnmethylolpropane/tolylene dllsocyanate reaction product ("Desmodur L" ex. Beyer Chemicals Co.), In a 20 
solvent bler\d consisting of 263 pans of methyl isobutyl ketone, 300 parts of xylene and 1 29 parts of ethyl 
acetate, ware stirred at room temperature for about 45 mlputeu. When the reaction was complete, any free 
Isocyanate groups remaining in the product were destroyed by addition of 100 parts of n-butBno4. 



26 Poiyamine Preparation D 25 
A mixture of 87 parts of 1 :6-hexane diamine, 43 parts of dimethyl maleate and 190 ports of toluene was 
heated at lOO'C for 6 hours. Ths solvent was removed under reduced pressure and the residual product 
redissolved In a mixture of 86 parts of toluene and 86 parts of othanol. 

30 Potyemine £ 30 
This was trls-l2-anairoethyl)amine, NICHaCHaNHjla. 

Po/ythioi Y 

This was the product ."Capcure 3-800", marketed by Diamond Shamrock Corporation and referred to In (he ,1 
35 preceding discussion. 35 



Preparation ancftesring of coating compositions 

The polyesters and polyamlnes described above were blended together fn the combinations and 
proportions shown In Table I below, with the Incorporation of ti solvent also as shown. Each blend was 
40 spread on to a glass panel, uaing a 200-mlcron spreader, end the resulting film allowed to air-dry for 16 40 
hours. 

Each film was then subjected to tests for hsrdness and petrol and solvent resistance, with the results 
shown In Table It below. Herdness was meesurad by the Erichaen pendulum lest. Petrol resistance was 
determined by placing a petrol-soaked pad upon the film and leaving It there, covered, for 1 hour: the film 
45 was then inspected. Solvent resistance was assessed by counting the number of double rubs with a pad 45 
soaked in methyl ethyl ketone which the film would withstand without damage. 

TABLE I 



50 



S5 



60 



fxamp/e 


Component (i) 


Component iiii 


Solvent 




60 


Biand 












No, 


parts 


parts 


parts 






^ 


Polyester 1(10) 


Polyam]neA{10,7) 


Xylene 


(5.5) 




2 


Polyester 1(10) 


Polyamlne 8(15.8) 


Xylene 


(A.8) 


55 


3 


Polyester 1(10) 


PolyamlneD( 9.8) 


Xylene 


(4.0) 




4 


Polyastsr II (10) 


Polyamlna 9 ( 6.3) 


Xylena 


(2.9) 




5 


Polyester \U10) 


PolyamineC( 7.7) 


Xylene 


(3.6) 




6 


Polyester 11(10) 


Polyamlne E( 0.7) 


MEK» 


(0.7) 




7 


Polyester Hi (10) 


Polyamlne B( 5.7 


PGME 


(2.0) 


60 


8 


Polyester II (10) 


Polythlol (4.5) 


r^EK 


(4.8) 
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• methyl ethyl ketone 

Polypropylene glycol monomethyl ether 
+With the addition of triethylamino (0.2 part) 
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Preparation and testing of comparative coating compositions 
Comparative Composition 9 
This composition represents a conventional Isocyanata-curod acrylic Bystem. 

A hydroxyl group-containing acrylic copolymer was made by copolymeriaing a monomer mixture of the 
5 following compositions 6 

Methyl metheGrylate 21 :9 % 

Styrene 21,9% 

Hydroxyethyl methacrylate 18.1 % 

10 Acrylic acid 9.1% 10 

"Cardura" ElO (Shell Chemicals) 31.0% 

in solution in a 2:1 xylene-ethylene glycol monoethyi ether acatate mixture at about 140X in the presence of 
a peroxide catalyst. ("Cardura" is a Registered Trade Mark). 
^5 A comparative coating composition was prepared by blending 13.62 parts of the above-described acrylic 15 
copolymer with 4.B4 parts of "Desmodur" 0.14 part of a dibutyitin dilaurata catalyst solution (0.5% In 
xylene), 0,10 part of a zinc octoate catalyst solution (2.2% in 9:91 white aplrltrbutyl acetate) and 4.20 parts of 
butyl acetate. 

20 Comparative Composition W 20 
This composition represent a system curing by the asme addition reaction es that which the invention 

utilises, but one in which the polyester contains unsaturatlon in ternnlnai or pendant groups instead of (n the 

polymer backbone, as described in the United States patents referred to above. 
A hydroxyl group-containing polyester wee prepared from the following ingredientsr- 
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Propylene glycol 437 parts 

Succinic anhydride 359 parts 

Phthalic anhydride 53 parts 

Adipicacid 157 parts 

30 30 
by reacting them at 1 60''-190^C in the presence of 30 parts of toluene for a period of about 5 hours, until the 
acid value of the product has fallen to approximately 4 mg KOH/g. The polyester was then reacted with 100 
psrts of acrylic acid, In the presence of 2 parts of tert-butyl-catechol, by heating at 190"C for 6 hours. The final 
product had an acid value of 3 mg KOH/g; It was thinned by the addition of 334 parts of xylene. 

35 A comparative coating composition was prepared by blending 10.00 parts of the above-described product ^^35 
with 6.13 parts of poiyamine B described above snd 2.85 parts of xylene. 

Compositions 9 and 10 were each applied to glaae panels, allowed to afr-dry and tested In the manner 
described above for blends 1^8. The test results are given in Table II below. 
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60 



TABLE II 40 

Bxarrtpie 

Hardness, Peiroi Solvent 
seconds resistance resistance 

45 



50 



Biend 


Hardness, 


Petrol 


Solvent 


No. 


seconds 


resistance 


resistam 


1 


9 


Unaffected 




2 


9 


Unaffected 




3 


20 


Slightly 








softened 




4 


13 : 


Unaffected 


>200 


5 


41 


Unaffected 


40 


6 


18 


V.sllghtly 


69 






softened 




7 


30 


Unaffected 


>200 


a 


11 


Slightly 


66 






aoCiened 




9 (comparsTlve) 


27 


Softened 


90 


10 (comparative) 


7 


Softened 


100 



55 



60 
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Pofyesier Preparation IV 



-r]' M«. u. ..laic.i. aiHiyuriue was rcBcwQ logetner until tha acid vafue had fallen to 15 mg 

KOH/g non-volatile. The product was then thinned to a non-volotlle content of 60% with a 1 : 1 blend of xylene 
5 and propylene glycol monomethyl ether. ("Dianol 33" is believed to have the structure 




5 



HO - CH - CH 



CHj 



I 



^ ^ CH3 




0 - CHg" CH - 0H> 




10 



Po/yamine Preparation F 

(U A ketlmlne was prepared by mixing 278.0 parte of diethylene triamfne. 583.0 parts of cyclohaxanone and 
289.0 parts of xylene, and then heating the mixture at ie4«C for 6 hours, with the removal of 111.0 parts of 



(ti) A mixture of 155.8 parrs of "Deemodur N3300" Re9*atered Trade Mark) ex Bayer, 250,0 parts of the 
ketf mine solution prepared in (I) above, 168.5 pans of propylene glyco* monomethyl ether acetate and 99.8 
parts of xylene was allowed to react at room temperature for 30 minutes. There were then added 45.0 parts 
of n-butanol (n order to destroy any remaining free isocyanate groups. 

20 

Po/yamine Preparation G 

(I) A mixture of 500 parts of "Epikote 828" (Registered Trade Mark) ex Shell Chemicals, dissolved in 400 
parrs of xylene and 62.1 parrs of "Synprolam 35N3" (Registered Trade Mark) ex I.C.I. PLC. dissolved in 100 
porta of butyl acetate was heeted at 50'C for 6 hours. 
25 (11) A mixture of 443.8 perts of the product from preparation G(i) and 250.0 parts of the ketlmlne solution 
prepared in F(I) above, together with 1 12.5 perts of propylene glycol monomethyl ether acetate, was heated 
at80*Cfor5hours. 

rSynprolam 35N3" has the structure R-NH(CHa)3NH2, where R is a C,3.Cib alkyi group). 

30 Potyamina Preparatior) H 

A mixture of 130.4 parts of "Epikore 155" (an epoxidlsed phenotic resin) ex Shell Chemicals, 243.5 pans of 
the ketlmlne solution as prepared in pert (i) of Preperatlon F above, 153.5 parts of propylene glycol 
monomethyl ether ecetate and 86.5 parts of xylene was heated at 1 1 0*C for 3 hours. 

35 PolythlolZ 

This was pentaerythritol tecrakis(mercaptopropionate), C(CHaO CO.CHaCHjSH)^. 

Preparation and tasting of coating compositions 
The polyester IV described above was pigmented in conventional fashion and was then blended with each 
40 In turn of the polyamlne preparations F, G and H and the polyrhJol 2, tha pigment volume concentration In 
each blend being 60%. The quantities of the polyester and polyamlne taken are shown in Table III below. 
Each blend was applied by spray on to steel panels, using one single and one double pass of the spray gun 
so ss to give a total film thickness of about 75 microns. The resulting films were allowed to air-dry for 2 



45 Each drfed film was then tested for hardness and solvent resistance In the way described above. The 
results are given In Teble III, together with, by way of comparison, the corresponding results for a 
conventional isocyanate-cured hydroxvacrylictype of composition. 



15 water. 



hours. 
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TABLE 111 





Exampis 


Component [0 


Cotnponant (iH 


Hardness 






.Blend 








5 


No. 


parts 


parts 


aaconda 


ance. 




^ 1 


PoiyeeteriV (lOi 


Poiyamine F^(2.i) 


18 


> TOO 




12 


Polyester (10) 


Polyamlns (2.3) 


11 


84 




13 


Polyester (lo) 


Poiyamine (2.2) 


20 


> 100 


10 


14 


Polyester 110) 


Polyrhfol Z*{1.2) 


11 


43 




15 






16 


> 100 



(comparative) 
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-l5 *' In each Instance, the Indicated quantity of the poiyamine was thinned before blending with the polvester 
by addition of 4.1 parts of a 45/45/10 mixture of acetone/toluone/propoxypropanol, 

+ With the addition of trfethylamine (0.12 parti and methyl ethyl ketone (1.2 parts); in this case the 
polyester IV was not pigmented and the coating compoaition wes applied as described for Examples 1 - 8. 

20 CLAIMS 

1 . A curable coating composition which comprises > 

(i) a condensation polymer in which the polymer backbone of each molecule on average contains at least 
one Bctlvaced unsaturated grouping of the formula 

25 



IS 



20 



26 



O R R 0 

II I I. II . 

-c-c=c-c- , 

3Q where R is hydrogen, a halogen or an alkyi oraryl group, and (fl) a compound carrying at least three primary 3Q 
amino groups, one or more of which may be In the form of a derivative which is capable of reverting to a 
primary amino g roup under the curing conditions to which the composition is exposed, or a compound 
. carrying at least three thiol groups. 

2. A composition as clainried in claim 1, wherein the condensation polymer (i) is a polyester obtained by 

35 reacting a dtcarboxylic acid of the formula *^ 35 

« 

R R 

I I 

HOOCC-CXOOH , 

40 40 
or an ester-forming derivative thereof, with one or more polyois or compounds containing at least two apoxy 
groups. 

3, A compoaition aa claimed In claim 1, wherein the condensation polymer (I) Is a urethane-ester polymer 
obtained by reacting a dicarboxylic acid of the formula 

46 45 

R R 

II • . 
HOOCC^CCOOH , 



or an ester-forming derivative thereof, with one or mors poiyols and a'^polylsocyanate, 

4. A composition as claimed In claim 2 or claim 3, wherein the dicarboxylic acid« or derivative thereof, is 
selected from maleic acid, fumarlc acid, maleic anhydride and the lower allcyl esters of maleic acid and 
fumaric acid. 

5. A composition as claimed In any one of claims 2 to 4, wherein the polyester or urethane-ester polymer 
gg contains autoxidlsabie groupings derived from drying oil or semi-drying oil fatty acids. 

6. A composition as claimed In any one of claims 1 to 5, wherein the compound (ii) is tri8-(2- 
aminocthyDamina, N(CHaCHaNHa)3. 



60 



65 
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7. A composition as claimed In any one of claims 1 to 6, whoraln the compound (ii) hae the general 
ructure 



structure 

.(OCHaCHI^NH, 
I 

CHg 

(OCHjCHLNHz 

10 \ CH3 

\OCHaCH), NHa 




10 



CH3 

15 IS 
whflro A l6 the residue of an aliphatic triol and y and z are Integers the sum of which lies In the range 5-8S. 

a. A composition as claimed in eny one of claims 1 to 6, wherein in the compound Hi) one or more of the 
primary amino groups is present as a ketlmlne or aldimlne derivative. 
9. A composition as claimed in any one of ciaims 1 to 5. wherein the compound (lij contains at leaat one 
20 hydroxyl group which together with a primary amino group is linked Into an oxazolldlne grouping. 20 
10» A composition as claimed in any one of claims 1 to 5, wherein the compound (H) has the general 
structure 

CH3 OH 

25 II 25 

R ( 0{CHaCH.OIn CHjCH.CHjSH 1 J 

where n is 1 or 2 and R Is an aliphatic hydrocarbyl group. 

11. A composition as claimed in any one of claims 1 to 5, wherein the compound (II) Is pentaerythrltol 

30 tetrakis'imercaptopropionate), C(CHaO.CO.CH2CH2SH)4 30 

1 2. A composition as claimed m any one of claims 1 to 5, 10 und 1 1 wherein the compound (ii) contains 
thiol groups and the composition includes a tertiery amine as catalyst. 

13. A composition as claimed in any one of claims 1 to 12, wherein the condensation polymer (i) and the 
component (ii) are taken together in proportions such as to provide at least about 0.6 amine or thiol group for 

35 each double bond present. 35 

14. A composition as claimed In claim 13, wherein the proportions are such aa to provide about 1.0 
amine or thiol group for each double bond present. 

1 5. A composition according to claim 1 substantially as hereinbefore described with reference to the 
foregoing Examples. 

40 16. A process for coating a substrate which comprises applying to the substrate a composition as 40 
claimed in any one of clalme 1 to 1 6 end altowino or cauaing the oomposltlon to cure. 

17. A process es claimed in claim 16, wherein the applied composition is subfected to a temperature tn 
the range 60-80'C. 

16. A substraie coeted with a composition as claimed in any one of claima 1 to 15. 
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